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TECHNOLOGICAL  CHANGE  IN  THE  PRODUCTION  PROCESS; 
ORGANIZATIONAL  IMPLICATIONS  AND  RESPONSES 


Abstract 


The  introduction  of  new  process  technologies  can  cause  significant 
disruption  to  ongoing  operations.   This  paper  examines  the  sources 
of  such  disruption  and  attempts  to  identify  organizational 
response  mechanisms  effective  in  countering  them.   To  better 
understand  the  nature  of  organizational  tasks  involved,  two 
distinct  characteristics  of  technological  change  --  technical 
complexity  and  systemic  shift  --  are  identified.   Results  from  a 
study  of  48  new  process  introduction  projects  suggest  that  these 
characteristics  are  associated  with  the  duration  of  disruption 
experienced.   Traditional  economic  measures  of  project  scope  are 
shown  to  be  relatively  poor  indicators  of  disruptive  potential. 
Further,  the  organization's  response  to  the  introduction,  both 
before  and  after  physical  installation  of  the  new  equipment,  is  an 
important  determinant  of  project  success  in  terms  of  both  disrup- 
tion experienced  and  operating  gains  achieved.   However,  evidence 
is  presented  to  indicate  that  different  kinds  of  technological 
changes  may  require  different  patterns  of  organizational  response. 


Introduction;  Toward  an  tinderstanding  of  the  problems  of  technological 
change  in  the  production  process 

The  introduction  of  new  process  technology  poses  a  dilemma  to 

manufacturing  managers.   The  new  technology  seldom  fits  neatly  into 

existing  production  processes.   Successful  utilization  may  require 

ongoing  adaptation  to  technology  in  existing  procedures,  or  the 

development  of  new  knowledge  bases  and  organizational  linkages  (Ab- 

ernathy  &  Clark,  1985;  Leonard-Barton,  1988;  Van  de  Ven,  1976).   New 

process  introductions,  therefore,  present  considerable  uncertainty  into 

the  organization;  they  can  require  a  level  of  creative  problem  solving 

that  amounts  to  innovation  at  the  plant  level  (Kazanjian  &  Drazin, 

1986;  Rice  &  Rogers,  1980).   Yet  at  the  same  time  the  application  of 

standard  procedures  to  produce  products  in  a  predictable,  efficient, 
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and  accurate  manner  remains  an  imperative  of  the  manufacturing  unit. 
Static  routines,  embedded  and  preserved  in  existing  production  equip- 
ment, procedures,  and  systems  of  communication,  support  this  efficiency 
and  are  strengthened  by  it  (Hedberg,  Nystrom,  &  Starbuck,  1978). 

Integrating  the  new  process  into  ongoing  operations  therefore 
requires  the  organization  to  respond  simultaneously  to  conflicting 
demands  for  both  efficiency  and  innovation  (Abernathy,  1978;  Van  de 
Ven,  1986).   Consequently,  while  new  manufacturing  technologies  offer 
the  opportunity  to  improve  product  offerings  and  factory  productivity, 
benefits  are  often  elusive.   Indeed,  in  the  short  term,  new  process 
introductions  tend  to  cause  considerable  and  often  persistent  disrup- 
tion to  the  ongoing  factory.   Chew  (1985)  quantified  the  costs  of  such 
disruptions.   He  found  that  productivity  losses  associated  with  the 
introduction  of  new  process  equipment  can  equal  or  exceed  the  original 
cost  of  the  equipment,  and  that  these  effects  can  persist  for  two  years 
or  more  (see  Figure  1).   But  he  also  found  that  the  amount  and  duration 
of  disruption  experienced  can  vary  considerably  among  introduction 
projects,  even  those  of  similar  technology  and  economic  scope. 


Figure  1  here 

Yet  little  is  known  about  why  some  changes  prove  to  be  more 
disruptive  than  others,  or  the  role  of  management  in  minimizing  the 
disruptive  impact  of  new  technology  introductions.   While  econometric 
research  methodologies  have  helped  to  illuminate  the  magnitude  of  the 
problem,  they  cannot  explain  the  underlying  behavioral  or  technological 
causes  of  the  observed  disruptive  effect.   On  the  other  hand,  much  of 
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the  behavioral  research  on  process  innovation  and  diffusion  has  focused 
on  the  decision  to  adopt  new  technology,  rather  than  on  the  process  of 
learning  to  use  technology  once  it  has  been  brought  into  the  organiza- 
tion.  Some  studies  have  examined  the  implementation  stage  of  the  dif- 
fusion-innovation process,  but  most  have  focused  on  organizational 
acceptance  of  the  change.   Therefore  implementation  is  conceived  as 
either  a  problem  of  managerial  control  (Duncan,  1976;  Sapolsky,  1967; 
Zaltman,  1973),  or  of  user  receptivity  to  the  new  technology  (e.g. 
Mfljchrzak,  1988;  Nutt,  1986). 

Consequently,  the  management  of  creative  problem  solving  has  only 
begun  to  be  explored  as  a  focal  problem  in  the  introduction  of  new 
process  technology  in  manufacturing   (e.g.  Van  de  Ven,  1986;  Leonard- 
Barton,  1988),  and  analytical  frameworks  have  not  yet  been  established. 
And  while  an  emerging  body  of  clinical  research  provides  insights  into 
the  organizational  tasks  involved  in  introducing  specific  new  manufac- 
turing technologies,  such  as  flexible  machining  systems  (e.g.,  Graham  & 
Rosenthal,  1986;  Jaikumar,  1985),  results  are  difficult  to  aggregate 
into  a  general  framework  for  understanding  change  in  the  manufacturing 
process  (Downs  &  Mohr ,  1976).   The  objective  of  this  study  was  to 
develop  and  test  a  more  generalizable  model  of  technological  change 
which  describes  both  the  nature  of  the  change  and  the  organization's 
response  to  the  problems  presented. 

Defining  the  introduction  task 

A  widely-shared  view  in  the  diffusion  and  innovation  literature  is 
that  there  exist  multiple  salient  attributes  of  technological  change 


which  must  be  examined  from  the  perspective  of  the  user  environment 
(Graham  &  Leonard-Barton.  1984;  Munson  &  Pelz,  1982;  Rogers,  1983; 
Zaltman  et.  al.,  1973).   However  in  most  previous  research  the  multi- 
dimensionality  of  technological  change  has  in  practice  been  compressed 
into  a  single  construct  such  as  radicalness  (Dewar  &  Button,  1986; 
Ettlie,  1986;  Nord  &  Tucker,  1987),  complexity  (Rubenstein,  1985),  or 
import  (Quinn,  1980).   This  simplifying  assumption  confounds  the  amount 
and  the  nature  of  change  affecting  the  organization.   Similarly,  econo- 
metric frameworks  (e.g.,  Eisner  &  Strotz,  1963;  Hayes  &  Clark,  1985) 
have  used  financial  investment  as  a  proxy  for  both  the  technological 
content  and  magnitude  of  new  process  equipment.   Therefore,  these 
frameworks  do  not  provide  a  basis  for  understanding  the  multiple 
characteristics  of  technological  change. 

In  order  to  characterize  the  tasks  associated  with  technological 
change,  it  is  necessary  to  define  change  in  terms  of  its  behavioral 
demands  on  the  organization  (Hackman,  1969;  Tushman  &  Anderson,  1986). 
As  argued  above,  the  difficulty  of  technological  change  in  the  factory 
environment  is  that  it  introduces  significant  uncertainty  into  the 
production  process.   Two  conceptually  distinct  attributes  of  task  un- 
certainty as  experienced  by  the  organization  are  the  number  or  com- 
plexity of  problems  encountered,  and  how  well-structured  are  the  probl- 
ems (March  &  Simon.  1958;  Daft  &  Macintosh,  1981).   This  distinction  is 
similar  to  Perrow's  (1967)  task  framework,  which  portrays  analyzability 
and  variety  as  distinct  aspects  of  a  production  technology. 

In  the  area  of  technological  innovation,  similar  distinctions  have 
been  proposed  by  Abernathy  and  Clark  (1985),  and  Tushman  and  Anderson 


(1986).   They  argue  that  while  some  new  technologies  build  on  existing 
organizational  capabilities,  others  obsolete  established  practices.   In 
effect,  innovations  of  the  latter  type  present  the  organization  with 
highly  ambiguous  problems,  since  they  require  the  development  of  new 
capabilities,  new  organizational  routines,  or  altered  ways  of  under- 
standing to  guide  problem  definition,  problem  solving  and  action. 
Innovations  which  build  on  existing  capabilities,  on  the  other  hand, 
can  present  highly  complex  problems  when  the  size  of  the  technological 
advance  and  the  number  of  factors  to  be  considered  is  large.   In  such 
cases,  the  nature  of  the  skills  required  or  ways  of  understanding  are 
not  new  to  the  organization,  however  the  current  level  of  knowledge  may 
be  insufficient  for  progress.   Neither  type  of  innovation  is  necessari- 
ly harder  to  undertake  or  more  significant  competitively;  both  are 
important . 

While  both  Abernathy  and  Clark,  and  Tushman  and  Anderson  focus  on 
the  competitive  implications  of  different  kinds  of  technological 
change,  both  papers  suggest  that  organizations  need  to  respond  in 
different  ways  to  innovations  which  advance  existing  approaches  from 
those  which  present  unfamiliar  and  ambiguous  kinds  of  problems.   This 
is  consistent  with  Perrow's  argument  that  different  types  of  production 
technologies  imply  different  task  structures  and  patterns  of  interac- 
tion within  the  organization. 

Accordingly,  in  this  study  we  attempt  to  distinguish  the  tech- 
nological sophistication  or  complexity  of  the  introduction  problem, 
from  the  ambiguity  of  the  issues  posed  by  the  introduction. 


Organizational  responses  in  dealing  vith  change 
Ability  to  plan 

Organizations  can  respond  to  the  uncertainty  introduced  by  new 
technologies  by  increasing  their  ability  to  plan  or  by  increasing  their 
ability  to  adapt  to  unpredictable  events  (Thompson,  1967;  Galbraith, 
1973).   In  the  case  of  new  process  technology,  increasing  the  factory's 
ability  to  plan  requires  that  operating  personnel  examine,  modify,  and 
even  "reinvent"  both  the  new  technology  and  relevant  aspects  of  the 
receiving  organization  before  the  technology  is  installed  in  the 
factory  (Rice  &  Rogers,  1980;  Van  de  Ven,  1986).   This  may  include 
adapting  existing  manufacturing  routines  and  procedures  (Bright,  1958; 
Chew,  1985).   Unfortunately,  while  researchers  have  argued  that  such 
preparatory  search  and  modification  is  a  critical  part  of  the  innova- 
tion process  (Rogers,  1983;  Leonard-Barton,  1988),  they  have  not 
examined  systematically  the  effect  of  preparatory  search  on  the 
introduction  process.   Similarly,  there  has  been  little  or  no  inves- 
tigation of  the  kinds  of  technological  changes  that  are  most  amenable 
to  such  preparatory  problem  solving  efforts. 

Yet  clinical  observation  suggests  that  the  distinction  between 
early  modifications  and  later  adaptations  is  important  for  understand- 
ing effective  introductions  (e.g.,  Hayes  &  Wheelwright,  1984;  Klein, 
1988).   The  timing  of  problem  solving  relative  to  physical  installation 
of  the  equipment  affects  the  nature  of  the  information  available,  the 
ease  of  making  changes,  and  the  impact  of  these  changes  on  other  parts 
of  the  factory  (Chew,  1985;  Bohn,  1987).   Changes  are  likely  to  be  con- 
siderably cheaper  and  easier  to  implement  if  they  are  made  before  new 


process  equipment  is  physically  in  place.   Preparatory  changes  are  also 
less  disruptive  to  ongoing  factory  operations,  since  they  address 
problems  before  they  occur.   On  the  other  hand,  many  problems  will  be 
difficult  to  identify  or  solve  until  the  new  process  is  put  into 
regular  operation  in  the  plant  (Bohn,  1987;  Rogers,  1983). 

Ability  to  adapt 

To  the  extent  that  the  manufacturing  organization  cannot  learn 
enough  during  the  early  search  period  to  account  for  all  potential 
problems,  it  will  need  to  rely  on  mechanisms  for  real-time  problem 
solving  during  the  actual  start-up  of  the  new  process  equipment.   Ex- 
isting research  suggests  two  important  organizational  mechanisms  for 
real-time  adaptation.   Both  involve  mutual  feedback  and  adjustment 
across  organizational  boundaries. 

Joint  search 

The  first  approach  is  based  on  increasing  the  level  of  coordina- 
tion with  knowledgeable  individuals  from  facilities  or  organizations 
external  to  the  manufacturing  plant.   The  notion  of  mutually  productive 
problem  solving  across  organizations  stems  from  the  concept  of  an  "or- 
ganization set"  (Evan,  1966;  Thompson,  1967),  defined  as  the  group  of 
organizations  with  which  a  given  business  entity  has  direct  contact. 
More  specifically,  a  factory's  "technical  organization  set"  can  be 
defined  as  a  coalition  of  suppliers  of  technology,  equipment,  com- 
ponents, or  information  from  inside  and  outside  of  the  organization 
(Lynn,  1982).   In  his  study  of  innovation  in  the  steel  industry,  Lynn 


proposed  that  joint  problem  solving  among  members  of  the  relevant 
technical  organization  set  can  account  for  "a  major  part  of  the 
company's  problem  solving  capability  with  respect  to  the  new  technol- 
ogy" (p.  8).   Leonard-Barton  (1988)  suggested  that  the  willingness  of 
equipment  vendors  to  participate  with  users  in  an  ongoing  process  of 
technological  change  is  important  to  the  success  of  the  innovation 
effort.   Other  studies  in  a  variety  of  technological  contexts  have 
pointed  to  the  importance  of  interaction  with  relevant  members  of  the 
technical  organization  set,  such  as  equipment  vendors  (Ettlie  & 
Rubenstein,  1980)  or  component  supplier  networks  (Imai,  Nonaka  & 
Takeuchi,  1985;  Clark,  1988).   However  the  role  of  outside  participa- 
tion during  the  startup  process  has  seldom  been  analyzed  or  even 
defined  systematically. 

Functional  overlap 

The  second  approach  to  increasing  the  manufacturing  unit's  real- 
time adaptability  is  to  link  relevant  functions  within  the  organization 
to  create  "overlapping"  subsystems  or  multifunctional  teams  for  dealing 
with  the  introduction  (Landau,  1969;  Gerwin,  1981).   Typically,  infor- 
mation about  the  performance  of  the  new  technology  and  its  interaction 
with  existing  operations  originates  on  the  plant  floor,  whereas  equip- 
ment and  process  modifications  are  specified  in  the  engineering  group. 
At  the  same  time,  new  technological  information  generally  originates  in 
the  engineering  area,  whereas  day-to-day  decisions  involving  the  use  of 
the  technology  are  made  on  the  plant  floor.   Therefore,  creating  linka- 
ges between  these  areas  moves  the  locus  of  decision-making  closer  to 
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the  source  of  relevant  information  (Beckman,  1986;  Perrow,  1967). 

The  role  of  overlapping  functional  arrangements  in  new  process 
introductions,  however,  remains  ambiguous.   Ettlie  (1986)  found  that 
"engineer-blue  collar  teams"  were  the  most  common  administrative  in- 
novations accompanying  technological  changes.   At  the  same  time,  he 
found  that  the  use  of  such  teams  was  not  associated  either  with  the 
radicalness  of  the  introduction  or  its  success.   Both  Ichniowski  (1983) 
and  Radford  (1986),  in  separate  studies,  found  that  the  use  of  extended 
factory  teams  composed  of  production  personnel  and  technical  staff 
contributed  to  the  success  of  new  process  startups  in  the  paper-making 
industry.   In  contrast,  several  early  studies  (e.g.  Duncan,  1976; 
Sapolsky,  1967;  Zaltman  et  al.,  1973)  found  that  formal  organizational 
structures  characterized  by  low  levels  of  overlap  or  feedback  were  most 
conducive  to  success  at  the  implementation  stage  of  the  innovation 
process . 

One  reason  for  such  conflicting  results  may  be  the  lack  of 
theoretically  meaningful  definitions  of  the  organizational  task  posed 
by  the  introductions  studied.   In  order  to  illuminate  the  role  of 
functional  overlap  on  project  teams,  it  may  be  necessary  to  better 
understand  the  requirements  of  the  technical  task  and  level  being 
studied  (Gerwin,  1981;  Pfeffer,  1982  ;  Van  de  Ven,  1976). 

Outcome  indicators  for  new  process  introductions 

New  process  introductions  generally  are  intended  to  improve  the 
factory's  operating  performance  along  one  or  more  dimensions.   However 
as  discussed  above  improvement  often  is  achieved,  if  at  all,  only  after 


a  prolonged  disruptive  period.   Variations  in  the  time  required  to 
introduce  and  optimize  new  process  technologies  have  been  shown  to  have 
important  economic  and  competitive  implications  for  the  firm  (Chew, 
1985;  Gunn,  1987).   Process  startup  time  is  therefore  an  important 
aspect  of  project  success,  both  as  an  indicator  of  the  amount  of 
internal  disruption  experienced  and  as  a  measure  of  external  tech- 
nological competitiveness. 

On  the  other  hand,  some  authors  have  argued  that  a  tradeoff  exists 
between  the  speed  of  new  process  introduction  and  the  level  of  perfor- 
mance improvement  achieved  once  the  technology  is  in  regular  use 
(Rogers,  1983;  Leonard-Barton,  1988).   This  suggests  that  operational 
improvement  achieved,  in  absolute  terms  and  relative  to  target,  must  be 
considered,  in  addition  to  startup  time,  a  separate  aspect  of  success. 

These  two  indicators  of  project  success,  while  excluding  long-term 
organizational  impacts  of  the  introduction,  such  as  learning  and  worker 
satisfaction,  provide  a  reasonably  parsimonious  description  of  the 
operational  success  of  an  introduction. 

Research  questions  and  hypotheses 

It  is  useful  to  organize  the  constructs  discussed  above  in  a  cau- 
sal model  of  technological  process  change.   The  expected  interrelation- 
ships are  described  schematically  in  Figure  2.   This  model  suggests  a 
set  of  general  research  questions,  discussed  below.   These  questions, 
and  the  data  collected  to  answer  them,  eventually  lead  us  to  define  the 
specific  hypotheses  which  follow. 
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Figure  2  here 

Sources  of  disruption  in  process  introductions 

The  first  question  was  whether  the  two  aspects  of  technological 
change  we  identified  have  direct  influence  on  the  difficulty  of  the  new 
process  introduction.   The  resulting  hypothesis  was: 

HI  A;  The  greater  the  complexity  or  ambiguity  of  the  technology 
introduced,  the  more  persistent  will  be  the  disruption. 

We  were  also  interested  in  the  effect  of  the  economic  scale  of  an 
introduction  project  on  disruption.   We  have  argued  that  the  scale  of 
investment  is  an  inadequate  indicator  of  the  difficulty  or  the  impor- 
tance of  a  technical  change.   On  the  other  hand,  the  disruptive 
influence  of  pure  project  size  cannot  always  be  eliminated,  either  by 
effective  management  or  added  manpower  (Bright,  1958;  Brooks,  1981). 
The  hypothesis  was: 

HIB:  The  larger  the  scale  of  the  introduction  project,  the  more 
persistent  will  be  the  accompanying  disruption. 

Organizational  response  to  process  change 

The  second  question  addresses  the  conditions  under  which  the 
organization  will  take  measures  to  increase  its  ability  to  address 
technological  problems  and  to  prevent  disruption.   The  hypothesis  was: 
H2:   The  greater  the  complexity  or  ambiguity  of  a  new  process 
introduction,  the  more  intensively  will  the  organization 
respond  by  planning  (preparatory  search)  and/or  by  real-time 
adjustment  (joint  search  and  functional  overlap). 
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Relationship  between  organizational  response  and  type  of  change 

Finally,  the  most  critical  question  relates  to  the  efficacy  of 
organizational  response  mechanisms  to  address  different  types  of 
technical  change.   We  expected  that  the  hypothesized  relationship 
between  change  and  disruption  would  be  moderated  by  the  organization's 
response  to  the  introduction.   First,  it  was  expected  that  both 
preparatory  search  and  joint  search  would  be  most  useful  for  dealing 
with  highly  complex  problems  that  could  be  reasonably  well-specified 
and  described  (low  ambiguity),  either  in  advance  or  during  the  startup 
process.   This  is  because  the  usefulness  of  both  preparatory  search  and 
joint  search  depend  in  part  on  the  quality  of  the  information  flow 
between  internal  project  participants  and  external  sources  of  technol- 
ogy.  Based  on  studies  of  R&D  team  performance,  Allen  (1977)  suggests 
that  such  information  flow  is  most  likely  to  be  productive  when  there 
is  a  well-defined  set  of  concepts  and  fairly  universal  language  for 
sharing  views  across  organizational  boundaries.   However,  when  a  new 
process  introduction  is  characterized  by  high  ambiguity  the   relevant 
concepts,  language,  and  even  goals  are  in  flux.   Therefore,  cross- 
organization  problem  solving  efforts  are  likely  to  be  more  problematic 
and  less  effective.   The  specific  hypotheses  were: 

H3)  Preparatory  Search: 

H3A:  The  greater  the  complexity  of  a  new  process  introduction,  the 
more  important  will  be  preparatory  search  in  reducing  dis- 
ruption and  increasing  operating  performance. 

H3B:  However,  preparatory  search  is  not  expected  to  be  as  effec- 
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tive  when  the  introduction  task  is  highly  ambiguous. 
HA)  Joint  Search: 

H4A:  The  greater  the  complexity  of  a  new  process  introduction,  the 
more  important  will  be  joint  search  in  reducing  disruption 
and  increasing  operating  performance. 
H4B:  However,  joint  search  is  not  expected  to  be  as  effective  when 

the  introduction  task  is  highly  ambiguous. 
Second,  because  of  the  ill-structured  nature  of  the  issues 
involved,  introduction  tasks  characterized  by  high  ambiguity  were 
expected  to  require  considerable  mutual  feedback  and  adjustment  (or 
functional  overlap)  within  the  internal  factory  organization.   In  these 
situations,  states  Perrow  (1967:  200),  "The  engineer  will  find  himself 
'on  the  line',  working  side-by-side  with  the  [production]  supervisor." 
On  the  other  hand,  it  was  expected  that  when  the  introduction  ta.sk  was 
relatively  unambiguous,  high  levels  of  functional  overlap  would  not  be 
necessary  to  support  adequate  information  flow  between  production  and 
engineering  functions,  regardless  of  the  level  of  complexity  involved. 
The  resulting  hypotheses  were: 

H5A:  The  greater  the  ambiguity  of  the  introduction  task,  the  more 
important  will  be  functional  overlap  in  reducing  disruption 
and  increasing  operational  performance. 
H5B:  However,  functional  overlap  will  be  less  important  for  suc- 
cess where  introductions  present  highly  complex  technical 
tasks  with  low  ambiguity. 

Research  data  and  measures 
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Data  collection  methodology 

While  the  basic  constructs  and  questions  embedded  in  this  study 
are  based  in  theory,  relevant  measures  had  not  yet  been  developed.   For 
this  reason  specific  variables  were  derived  in  conjunction  with  field 
work.   Clinical  data  collection  was  necessary  for  identifying  the 
environment  and  for  developing  contextually  valid  measures  of  the 
specified  constructs.   This  was  especially  important  because  of  the 
cross-cultural  setting  of  the  study,  which  included  Italian,  West 
German,  and  U.S.  plants. 

To  meet  these  demands  the  first  author  collected  three  kinds  of 
data:  descriptive  information  about  the  company  and  factory  contexts 
and  project  experiences  was  collected  through  a  series  of  open-ended 
and  semi-structured  interviews;  specific  information  about  project 
characteristics  and  outcomes  was  gathered  through  a  written  question- 
naire; and  historical  data  came  from  project  and  plant  records. 
Unstructured  interviews  were  conducted  with  company,  factory,  and 
project  managers  during  the  exploratory  phase  of  the  research;  initial 
visits  were  also  used  to  identify  new  process  introduction  projects  and 
principal  informants-^.   In  addition,  each  principal  informant  was 
interviewed  at  least  once  as  questionnaires  were  distributed.    More 
directed  interviews  with  principal  informants  and  other  project  par- 
ticipants were  undertaken  as  a  follow-up  to  each  completed  question- 


In  each  case  the  principal  informant  (also  referred  to  as  the 
"project  manager")  was  identified  as  the  person  who  had  the  "most  di- 
rect, day-to-day  responsibility  for  bringing  the  new  technology  up  to 
speed  in  the  factory".   Other  project  participants,  identified  by  plant 
management  and  by  principal  informants,  included  operating  and  techni- 
cal personnel  involved  in  the  introduction  but  not  responsible  for  it. 
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naire'^.   Interviews  lasted  from  one  to  four  hours,  and  were  often 
supplemented  by  multi-participant  discussion.   In  addition,  project 
documentation  was  used  both  directly  by  the  researcher  and  by  respon- 
dents as  an  aid  to  answering  factual  questions  in  interviews  and  ques- 
tionnaires.  Follow-up  interviews  with  managers  were  used  to  cor- 
roborate information  gathered  from  project  participants. 

Research  setting 

Research  was  undertaken  in  eight  plants  of  a  single  large  company 
located  in  the  United  States,  West  Germany,  and  Italy.  The  company  is 
a  major  global  producer  of  precision  metal  components.  It  competes  on 
the  basis  of  its  consistent  ability  to  deliver  high  precision  parts  at 
reasonable  cost.  With  intensified  competition  over  the  last  decade, 
manufacturing  process  capabilities  have  received  renewed  emphasis 
industry-wide . 

Focusing  on  a  single  corporation  in  the  research  had  several 
benefits,  including  controlling  for  industry-  and  firm-related  varia- 
tions and  facilitating  access  to  detailed  information  about  projects 
and  their  historical,  technological,  and  competitive  contexts  (see 
Downs  and  Mohr ,  1976;  Rogers,  1983:  361).   The  multinational  setting 
allowed  for  considerable  variation  along  managerial  and  organizational 
dimensions,  but  also  raised  important  challenges  to  construct  validity 
given  cultural  differences.   These  were  met  through  extensive  field 
work  aimed  at  developing  measures  and  employing  vocabulary  appropriate 


^Because  distribution  and  collection  of  questionnaires  involved 
direct  contact  with  respondents,  response  rate  was  lOOZ. 
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to  the  multiple  contexts  studied. 

Sample  selection 

The  sample  includes  all  new  process  introductions  identified  where 
the  technology  was  new  in  at  least  some  features  to  a  particular  fac- 
tory and  which,  for  reasons  of  data  availability  and  recall: 

1)  were  undertaken  during  the  last  four  years  and  completed  or 
nearing  completion  at  the  time  of  the  study; 

2)  represented  a  total  capital  investment  of  greater  than  $50,000 
(in  constant  1986  U.S.  dollars);  and 

3)  involved  participants  who  were  available  for  interview. 

The  sample  included  a  spectrum  of  technological  process  change, 
from  routine  upgrading  of  existing  equipment  to  introductions  of  novel 
technologies  and  integrated  production  systems.  Production  technolog- 
ies included  metal  turning  and  precision  machining  equipment,  assembly 
and  inspection  systems,  thermal  treatment  and  metal  forming  equipment, 
and  handling  systems.  Five  to  eight  projects  were  studied  in  each 
plant.   A  total  of  48  introduction  projects  comprised  the  final  sample. 

Variables  and  measures 

Characteristics  of  technoloRical  change 

Existing  literature  provided  little  guidance  on  the  question  of 
what  specific  project  attributes  would  indicate  "complexity"  or 
"ambiguity" ,  or  how  to  measure  them.   While  there  have  been  multiple 
attempts  to  operationalize  these  attributes  for  describing  work  units 
(see  Withey,  Daft,  &  Cooper,  1983;  Daft  &  Macintosh,  1981),  the  result- 
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ing  measures  were  not  relevant  because  they  relate  to  characteristics 
of  an  ongoing  production  task  rather  than  a  change  in  the  production 
technology.   On  the  other  hand,  in  the  two  studies  cited  where  similar 
concepts  have  been  applied  to  technological  innovations,  there  was  no 
effort  to  develop  a  systematic  measurement  instrument.   Both  Abernathy 
and  Clark  (1985),  and  Tushman  and  Anderson  (1986)  use  a  qualitative 
classification  system  based  on  case-by-case  analysis  of  clinical 
histories . 

As  a  result,  our  measurement  strategy  was  to  include  a  wide 
variety  of  questions  about  the  nature  of  the  new  technology  in  the 
questionnaire  and  interview  items.   Subsequent  exploratory  analysis 
reduced  the  data  to  two  conceptually  meaningful  technology  descriptors, 
The  data  reduction  process  is  outlined  in  Figure  3.   Throughout, 
descriptive  information  on  each  project  helped  to  ground  theoretical 
constructs  in  the  context  of  this  study  and  to  guide  analysis  and 
interpretation. 


Figure  3  here 


Questionnaire  items  were  constructed  to  explore  the  multiple 
sources  of  uncertainty  in  new  process  introduction  projects  noted  in 
the  literature.   These  relate  to  the  absolute  newness  of  the  technology 
(compared  to  all  technologies  previously  existing  in  the  market);  the 
transferability  or  "readiness"  of  the  technology  (Graham  &  Leonard- 
Barton,  1984);  and  the  relative  newness  of  the  technology  with  respect 
to  the  productive  unit  undertaking  the  introduction  (Downs  &  Mohr, 
1976).   The  latter  was  conceived  as  including  the  relative  novelty  of 
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the  equipment  and  its  features  within  the  specific  environment,  the 
change  in  required  performance  on  technical  parameters,  and  changes  in 
the  underlying  product  produced.   Initially,  we  expected  that  while  the 
absolute  newness  of  the  technology  would  relate  to  the  "complexity"  of 
the  innovation,  the  relative  novelty  would  provide  insight  on  its 
"ambiguity"  in  a  given  factory. 

Table  1  here 

In  general,  analysis  showed  that  each  of  the  above  aspects  could 
be  expressed  by  aggregate  scales  with  adequate  reliability  and  separa- 
tion (Novick  &  Lewis,  1967;  Gupta  &  Govindara jan,  1984).   However, 
analysis  also  suggested  the  existance  of  another  aspect  eventually 
entitled  "new  base."   The  four  items  that  "new  base"  consists  of  were 
excluded  from  the  original  first  five  scales  because  of  low  correlation 
with  items  comprising  thess  scales.   On  the  other  hand,  the  four  items 
were  significantly  correlated  among  themselves.   The  items  related  not 
so  much  to  novelty  of  specific  features  or  designs  but  to  the  newness 
of  the  technological  concepts  employed  compared  to  the  company's 
traditional  process  strengths.    This  appeared  to  be  consistent  with  a 
split  in  the  nature  of  the  introduction  challenge  described  during 
interviews.   Respondents'  descriptions  of  the  changes  they  faced 
suggested  a  perceived  difference  between  the  novelty  of  specific 
technical  features,  and  a  shift  in  the  basic  principles  or  operating 
"philosophy"  involved.   The  latter  could  include  discontinuous  changes 
in  the  conversion  technology  used,  such  as  moving  from  traditional 
metal  shaping  techniques  to  thermal  forming  technologies,  but  it  could 
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also  include  new  ways  of  organizing  production  flows  to  achieve  new 
manufacturing  priorities.   Thus,  respondents  distinguished  introduction 
projects  reflecting  a  new  focus  on  lead-time  or  flexibility  from 
equally  ambitious  projects  aimed  at  improving  performance  on  tradition- 
al criteria  of  cost  and  quality.   Similarly,  moving  from  a  segmented 
batch  production  process  to  an  integrated  flow  was  perceived  dif- 
ferently from  changes  in  more  localized  features  of  the  technology, 
even  if  those  changes  were  significant. 

For  example,  one  case  involved  the  company's  first  use  of  a 
flexible  robot  cell  in  production.   The  technology  itself  was  not  new, 
and  the  robotics  elements  employed  were  relatively  simple.   However  the 
cell  represented  a  fundamental  change  within  the  factory,  both  in  terms 
of  the  basic  conversion  technology  (robotics  instead  of  hard  tooled) 
and  the  opportunity  presented  to  move  to  a  flexible  flow  of  production. 
As  the  project  manager  described: 

The  robot  cell  replaced  about  three-quarters  of  the  hard  tooling 
on  this  part  of  the  line  with  software  programs.   It  gave  the  line 
a  lot  more  flexibility,  but  it  also  meant  we  had  to  learn  a  lot  of 
new  things  --  about  systems  control,  programming,  and  managing  a 
flexible  line.   Our  expertise  has  always  been  in  optimizing  the 
tooling . 

Another  case  involved  moving  from  traditional  metal  removal 

processes  to  thermal  forming  of  precision  metal  parts.   According  to 

the  project  manager: 

We  were  starting  from  scratch  with  a  totally  different  processing 
approach  from  what  has  been  used  in  this  industry  --  even  the  raw 
material  was  different.   Our  deep  experience  in  turning  operations 
just  was  not  relevant  here  --  this  system  presented  a  totally  new 
set  of  problems. 

As  a  result  of  the  statistical  and  clinical  evidence  that  such 
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changes  represent  a  separate  source  of  uncertainty  in  process  introduc- 
tions, a  sixth  aggregate  scale  was  constructed.   "New  Base"  measures 
fundamental  shifts  (in  either  the  basic  conversion  technology  or  its 
flow)  which  amount  to  new  approaches  to  the  manufacturing  task.   This 
is  consistent  with  Tushman  and  Anderson  (1986:  AA2)  who  define  "com- 
petence-destroying" process  innovation  as  involving  "combining  previou- 
sly discrete  steps  into  a  more  continuous  flow  ...  or  a  completely 
different  process."   Interestingly,  "New  Base"  is  not  correlated  with 
absolute  technology  newness  (Table  2).   New  to  Plant,  on  the  other 
hand,  is  related  both  to  New  Base  and  to  Technology  Newness.   One 
interpretation  is  that  technology  can  be  new  to  the  specific  plant 
either  because  it  represents  technical  advances  in  specific  features, 
or  because  it  introduces  new  ways  of  approaching  the  manufacturing 
task.  Measures  of  relative  newness  alone,  therefore,  fail  to  indicate 
the  degree  of  ambiguity  of  the  introduction  task. 


Table  2  here 


Factor  analysis  was  used  to  further  explore  underlying  commonalit- 
ies in  the  six  scales  of  technological  change.  The  final  result  refle- 
cts orthogonal  factors  and  explains  53Z  of  the  variance  in  underlying 
variables  (Table  3).  Oblique  solutions  were  also  attempted  since  there 
was  reason  to  expect  complexity  and  ambiguity  to  be  related  empirically 
(Perrow,  1967),  but  did  not  improve  the  explanatory  power  of  the 
analysis.  Similarly,  inclusion  of  a  third  factor  did  not  significantly 
improve  the  variance  explained. 
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Table  3  here 

The  two  derived  factors  are  labeled  technical  complexity  and 
systemic  shift.   Technical  complexity  is  interpreted  as  the  newness  of 
technical  features,  including  the  number  of  technical  features  and 
process  requirements  which  have  changed.   It  is  associated  with  the 
variety,  uniqueness,  and  complexity  of  problems  encountered.   Systemic 
shift  captures  changes  in  the  basic  principles  of  technology  and 
production  employed;  it  is  indicative  of  the  ambiguity  of  the  problems 
involved  in  exploring  and  institutionalizing  new  approaches  to  the 
production  task.   Interpretation  of  these  factors  was  informed  by 
descriptive  data  on  projects  and  the  problems  they  posed.   Comments 
make  by  respondents  in  reference  to  projects  at  the  extremes  of  the  two 
derived  factor  scales  are  displayed  in  Figure  A. 


Figure  4  here 


The  derived  factors  leave  a  significant  amount  of  the  variation  in 
underlying  variables  unexplained.   However,  the  factors  represent  more 
reliable  measures  of  technological  change  than  do  the  underlying 
aggregate  scales,  providing  a  rich  yet  parsimonious  description  of 
complex  phenomena.   Finally,  construct  validity  of  the  two  factors  was 
strongly  supported  by  qualitative  evidence. 

Project  Size 

The  size  of  the  introduction  project  in  terms  of  the  total  capital 
investment  was  taken  from  project  documentation.   Figures  are  stated  in 
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constant  1986  U.S.  dollars. 

Organizational  Response  Mechanisms 

Preparatory  Search  is  an  aggregate  scale  based  on  four  items  :  two 
questionnaire  quasi-Likert  scales  measuring  the  contributions  of 
factory  personnel  in  proposing  and  developing  the  technical  solutions 
embodied  by  the  new  equipment,  and  interview  responses  coded  into  a  3- 
level  ordinal  scale°.   For  the  latter  informants  were  asked  to  describe 
their  development  and  testing  activities  prior  to  delivery  or  installa- 
tion of  the  equipment. 

Joint  Search  is  an  aggregate  scale  based  on  four  items.   Three 
were  questionnaire  quasi-Likert  items  measuring  the  contributions  of 
personnel  from  other  facilities  or  organizations  to  problem  solving  and 
optimization  of  the  new  process.   The  fourth  item  was  based  on  open- 
ended  qualitative  questionnaire  data  coded  into  a  dychotomized  variable 
representing  the  existence  of  a  problem  solving  partnership  with 
outside  experts. 

Functional  Overlap  was  measured  by  the  number  of  mechanisms  used 
to  facilitate  mutual  adjustment  between  functions.   This  information 
was  obtained  from  interviews  aided  by  graphical  description  of  the 
project  organization  and  the  critical  event  method  to  elicit  reliable 
recall.   Projects  received  one  point  for  each  mechanism  used,  with  pos- 


■^Questionnaire  and  interview  items  are  reproduced  in  Appendix  1. 

The  treatment  of  this  and  other  aggregate  variables  composed  of 
ordinal  and  quasi-Likert  scales  as  interval  variables  in  later  analyses 
is  justified  by  results  of  goodness  of  fit  tests  for  normal  distribu- 
tions (Kolmogorov-Smirnov  one-sample  test,  2-tailed  P>.10). 
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sible  scores  ranging  from  0  (no  overlap  mechanisms  used)  to  8  (all 
overlap  mechanisms  used)  . 


Table  4  here 

Performance  Measures 

Startup  Time  was  constructed  to  capture  both  the  persistence  of 
disruption  to  regular  operations  and  the  total  elapsed  time  required  to 
achieve  improved  operations.   In  order  to  do  this,  the  measure  of 
startup  time  had  to  capture  the  fact  that  the  early,  "disruptive" 
period  of  the  introduction  is  more  costly  to  the  factory  than  the  later 
period  when  the  project  in  incomplete  but  improvements  are  underway 
(see  Figure  1).   This  was  accomplished  by  taking  the  sum  of: 

1)  Disruption  period:  the  elapsed  time  in  months  from  delivery  of 
the  equipment  until  parts  are  being  produced; 

2)  Introduction  period:  the  elapsed  time  in  months  from  delivery 
until  the  introduction  is  considered  complete. 

Information  was  obtained  from  questionnaires  supplemented  by  interviews 
and  project  documents. 

Operating  Improvement  was  measured  by  three  interview  items. 
Respondents  evaluated  the  utility  of  the  technical  solutions  imple- 
mented, the  degree  to  which  the  technical  objectives  of  the  project 


Linkage  mechanisms  are  considered  additive  in  the  sense  that 
they  are  used  cumulatively  to  deal  with  higher  levels  of  uncertainty 
(Galbraith,  1973:  48).  Mechanisms  are  listed  in  Appendix  1. 
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were  met,  and  the  level  of  operating  reliability  achieved®. 

This  approach  to  measuring  project  performance  is  consistent  with 
studies  of  R&D  and  technology  transfer  projects,  where  judgmental 
assessments  based  on  multiple  dimensions  of  performance  level  and 
improvement  have  proven  reliable  (e.g.,  Allen,  Lee,  &  Tushman  1980; 
Rubenatein  et  al . ,  1985). 

RESULTS 

The  48  projects  included  in  the  study  provide  a  spectrum  of  sizes, 
types  of  technological  change,  and  organizational  response  patterns. 
See  Appendix  2  for  summary  data  and  correlation  matrix. 

Relationship  between  technology  attributes  and  project  outcomes 

The  bivariate  correlations  (Table  5)  support  hypothesis  HI  A  but 
not  HIB.  Results  suggested  that,  first,  the  higher  a  project's  score 
on  either  characteristic  of  technological  change,  the  longer  was  the 
disruption  to  factory  operations.  Second,  project  size  did  not  have 
the  expected  influence  on  the  duration  of  disruption.  At  the  same  time 
the  degree  of  technological  change  was  not  associated  with  operating 
performance . 

At  this  stage  of  the  analysis  these  correlations  do  not  include 
the  hypothesized  moderating  effect  of  the  organizational  response 
mechanisms.   Consequently,  they  should  be  treated  as  suggestive,  and 
have  to  be  investigated  further  through  multivariate  regression. 


Coding  schema  are  shown  in  Appendix  1, 
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Table  5  here 

It  is  interesting  to  note  that  there  was  no  apparent  trade-off 
between  startup  speed  and  quality  of  the  operating  capabilities  achiev- 
ed: fast  startups  usually  coincided  with  superior  operating  improvement 
(r-  -0.63;  p<0.05)^.   This  pattern  is  familiar  from  previous  research 
in  related  areas  (Hauptman,  1986;  Clark  &  Fujimoto,  1987  and  adds 
credence  to  the  measures  used. 

Responding  to  technological  change 

Hypothesis  H2  was  partly  supported  by  the  bivariate  correlations 
displayed  in  Table  6;  there  is  some  evidence  that  project  managers 
respond  to  more  technologically  challenging  projects  with  higher  levels 
of  joint  search  and  functional  overlap.   However  preparatory  search  is 
not  related  to  the  degree  of  change.   In  addition,  there  was  a  signifi- 
cant difference  in  the  intensity  of  functional  overlap  (but  not  joint 
search  or  preparatory  search)  depending  on  the  nature  of  the  change. 
Project  size  was  also  associated  with  the  intensity  of  functional 
overlap  used  but  was  not  related  to  the  levels  of  preparatory  search  or 
joint  search. 


Table  6  here 


Orgnm'.zational  response  mechanisms  and  project  outcomes 


'  Improved  performance  is  indicated  by  a  change  in  the  negative 
direction  for  startup  time  (shorter  startup)  and  in  the  positive 
direction  for  operating  improvement  (more  improvement). 
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General  effects 

The  degree  to  which  project  teams  used  the  response  mechanisms 
identified  appears  to  have  had  a  significant  impact  on  their  success  in 
introducing  new  process  technology.   As  a  first  step  in  the  analysis, 
the  independent  effects  of  project  attributes  and  of  response  mechani- 
sms were  estimated  through  multivariate  regression. 


Table  7  here 


The  results  shown  in  Table  7  lend  further  support  to  our  hypoth- 
esis HI  A  that  higher  levels  of  technical  complexity  or  systemic  shift 
were  associated  with  longer  startup  time  and,  therefore,  more  persis- 
tent disruption  to  plant  operations.   Further,  according  to  equation 
[2],  project  size  had  the  expected  detrimental  effect  of  increasing  the 
duration  of  disruption  (HIB).   However  there  was  no  relationship 
between  project  attributes  and  operating  improvement. 

The  addition  of  organizational  response  variables  to  the  regre- 
ssion for  startup  time  in  equation  [2]  had  the  hypothesized  effects. 
First,  it  increased  explained  variance  by  312,  suggesting  the  sig- 
nificance of  these  variables  for  controlling  disruption  and  startup 
time.   The  regression  coefficients  of  preparatory  search,  joint  search, 
and  functional  overlap  were  all  statistically  significant  and  negative; 
that  is,  greater  use  of  these  mechanisms  was  associated  with  shorter 
startup  times.   This  supports  our  general  expectation  of  beneficial 
effects  from  using  organizational  response  mechanisms. 

The  impact  of  response  variables  on  operating  improvement  in 
Equation  [4]  was  very  similar  to  their  effect  on  startup  time;  both 
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preparatory  search  and  joint  search  appear  to  contribute  to  the 

achievement  of  higher  levels  of  operating  improvement  from  new  process 
technology.   Functional  overlap,  however,  had  no  significant  effect; 

its  role  is  investigated  in  detail  below. 

Contingent  effects 

The  next  step  was  to  examine  specific  hypotheses  that  the  efficacy 
of  each  response  mechanism  depends  on  the  nature  of  the  technological 
change.   It  was  stated  above  that  preparatory  search  and  joint  search 
are  expected  to  be  important  where  technical  complexity  is  high,  but 
that  functional  overlap  is  expected  to  be  more  important  where  systemic 
shift  predominates. 

These  hypotheses  were  tested  by  adding  multiplicative  interaction 
terms,  for  example,  preparatory  search  interaction  with  technical  com- 
plexity, and  preparatory  search  interaction  with  systemic  shift  into 
the  regression  equation  (Downs  &  Mohr ,  1976;  Venkatraman,  1987). 
Results  failed  to  confirm  our  expectations  with  regard  to  preparatory 
and  joint  search  (hypotheses  H3A,  H3B,  H4A,  and  H4B) .   Interaction 
terms  were  not  significant,  providing  no  evidence  that  either  response 
mechanism  was  more  effective  in  dealing  with  technical  complexity  than 
with  systemic  shift.   The  influence  of  both  variables  is  best  captured 
by  their  main  (independent)  effects. 

Table  8  here 


On  the  other  hand,  results  do  support  hypotheses  H5A  and  H5B,  that 
functional  overlap  is  more  important  for  dealing  with  highly  ambiguous 
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introductions  (high  systemic  shift)  than  with  complex  ones  (high 
technical  complexity).   The  interaction  effects  of  functional  overlap 
with  technical  complexity  and  with  systemic  shift  are  statistically 
significant  for  both  startup  time  and  operating  improvement  (coeff- 
icients significant  at  p<0.10).   Results  for  operating  improvement  are 
particularly  interesting,  suggesting  that  while  functional  overlap  has 
no  universal  effect  on  this  aspect  of  project  success,  it  can  have 
significant  and  quite  divergent  effects  depending  on  the  nature  of  the 
change  involved. 

This  analysis  suggests  that  for  projects  characterized  as  systemic 
shifts,  increases  in  functional  overlap  are  beneficial.   In  dealing 
with  technical  complexity,  by  contrast,  increases  in  functional  overlap 
may  not  improve  project  outcomes. 

Functional  overlap  for  difficult  projects 

Before  drawing  conclusions  on  the  basis  of  this  analysis,  it  is 
necessary  to  examine  another  aspect  of  the  data.   As  noted,  functional 
overlap  is  positively  correlated  with  systemic  shift  (r=0.60).   Techni- 
cal complexity  and  systemic  shift,  however,  are  orthogonal  by  construc- 
tion.  Thus  there  was  some  possibility  that  the  product  of  functional 
overlap  and  technical  complexity  served  as  a  proxy  for  introductions 
involving  high  levels  of  both  technical  complexity  and  systemic  shift. 


Table  9  here 


This  problem  was  explored  by  controlling  for  the  interaction  of 
technical  complexity  and  systemic  shift  in  the  regression  for  startup 
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time,  as  shown  in  Table  9.   Conceptually  this  analysis  stratified  the 
sample  according  to  its  level  of  routiness  versus  radicalness  (Perrow, 
1967).   The  introduction  of  the  interaction  term  did  not  significantly 
alter  the  identified  relationships.   The  regression  variables  main- 
tained the  signs  of  their  coefficients  and  their  explanatory  power, 
with  the  exception  of  the  interaction  term  of  functional  overlap  and 
technical  complexity,  in  the  regression  for  startup  time. 

Discussion 
Main  findings 

Our  analysis  indicates  that  organizational  adaptive  responses  to 
technological  process  change  positively  affect  performance,  both  decre- 
asing disruption  and  increasing  the  operating  benefits  achieved.   Resu- 
lts also  support  our  argument  that  the  economic  scope  of  a  new  process 
introduction  is  not  indicative  of  its  technological  content  or  disrup- 
tive potential.   Project  scope,  measured  in  dollar  terms,  was  not 
associated  with  either  technical  complexity  or  systemic  shift. 
Further,  the  disruptive  effects  of  project  scope,  while  apparent, 
proved  to  be  more  manageable  than  those  of  technological  attributes  of 
the  change:  project  scope  was  significantly  associated  with  the  length 
of  startup  time  only  after  organizational  response  mechanisms  were  held 
constant  (Table  7). 

In  contrast,  technical  complexity  and  systemic  shift  were 
independently  and  consistently  related  to  disruptiveness ,  as  measured 
by  project  startup  time.   While  this  relationship  was  mitigated  by 
organizational  adaptive  responses,  it  was  not  totally  overcome.   Our 
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evidence  therefore  suggests  that  it  is  not  the  physical  or  economic 
scope  of  the  project  which  makes  major  introductions  difficult  to 
absorb,  but  the  technological  content  of  the  change  in  several  dimen- 
sions . 

Further,  we  did  not  find  a  simple  one-to-one  relationship  between 
attributes  of  the  process  change  and  the  effectiveness  of  the  three 
response  mechanisms  examined.   However  there  was  evidence  that  dif- 
ferent kinds  of  change  may  call  for  different  patterns  of  response. 
Both  preparatory  search  and  joint  search  proved  to  be  effective  as 
general  strategies  for  managing  change.   On  the  other  hand,  our 
analysis  suggests  that  functional  overlap  may  be  more  effective  for 
dealing  with  systemic  shifts,  which  represent  new  departures  from  ex- 
isting production  approaches,  than  they  are  for  dealing  with  technical 
complexity  within  a  relatively  well-defined  domain.   Possible  inter- 
pretations of  these  mixed  findings  are  discussed  in  the  next  section. 

Conclusions  and  implications  for  research  and  practice 

Results  of  this  study  support  the  emerging  view  that  the  suc- 
cessful introduction  of  new  process  technology  in  the  manufacturing 
environment  requires  creative  problem  solving  at  the  plant  level. 
Further,  the  study  illuminates  the  nature  of  the  response  mechanisms 
which  help  to  account  for  success  in  meeting  this  challenge,  emphasiz- 
ing the  importance  of  intra-  and  inter-organizational  partnerships  for 
both  early  problem  identification  and  real-time  problem  solving. 

Our  results  also  provide  evidence  that  it  is  important  to  go 
beyond  a  simple  distinction  between  "radical"  and  "incremental"  change, 
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to  examine  the  specific  nature  of  the  change  involved  in  adopting  a  new 
manufacturing  technology.   Scholars  have  long  argued  for  more  careful 
descriptions  of  actual  task  characteristics  on  which  to  ground  contin- 
gency theories  of  management  (Van  de  Ven,  1976;  Pfeffer,  1982).   This 
research  attempts  to  respond  to  this  requirement  within  the  realm  of 
process  innovation.   The  framework  presented  distinguishes  the  tech- 
nological complexity  entailed  in  an  innovation  from  its  departure  from 
existing  operating  approaches  and  organizational  knowledge  bases.   This 
framework  proved  to  be  valuable  for  describing  actual  process  introduc- 
tions .   It  provided  a  parsimonious  way  of  summarizing  the  multidimen- 
sional differences  among  diverse  introduction  projects. 

While  the  generalizability  of  these  findings  is  limited  by  the 
fact  that  the  study  was  carried  out  in  a  single  firm  and  industry,  the 
applicability  of  the  study  was  enhanced  by  examining  multiple  tech- 
nologies within  their  specific  operating  environments-^^.   Indeed,  the 
constructs  described  here  may  provide  a  useful  way  of  organizing  a 
variety  of  research  findings  regarding  specific  kinds  of  new  process 
technologies.   The  introduction  of  numerical  control,  robotics, 
flexible  manufacturing,  and  most  recently  computer  integrated  manufac- 
turing have  each  generated  considerable  research  interest.   However  it 
is  difficult  to  identify  from  studies  of  specific  technologies  the 
generalizable  and  managerially  relevant  aspects  of  new  technologies. 
Similarly,  it  is  difficult  to  know  whether  the  managerial  imperatives 
associated  with  individual  innovations  are  related  to  specific  aspects 


■'■^Analogous  to  the  innovation-decision  design  advocated  by  Downs 
and  Mohr  (1976) . 
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of  those  technologies,  or  to  the  general  problems  of  learning  to  use 
new  technologies.   By  applying  a  theoretically  grounded  framework  like 
the  one  developed  here,  it  should  be  possible  to  build  a  more  robust 
understanding  of  technological  change  and  its  management. 

Our  framework  also  appears  to  be  useful  for  understanding  the 
managerial  implications  of  different  aspects  of  process  change. 
However,  the  evidence  that  different  kinds  of  change  call  for  different 
response  mechanisms  was  mixed.   Our  data  supported  the  idea  of  con- 
tingent requirements  only  with  respect  to  functional  overlap,  while 
joint  search  and  preparatory  search  appeared  to  be  equally  effective  in 
dealing  with  technical  complexity  and  systemic  shift.   One  explanation 
is  that  a  moderating  relationship  may  exist  for  the  whole  set  of 
response  variables  given  different  types  of  change,  but  not  for 
individual  pairs  of  interaction  terms  as  assumed  here  (Venkatraman, 
1987).   A  more  intriguing  possibility  is  that  a  detailed  examination  of 
organizational  adaptive  responses  would  reveal  a  stronger  relationship 
between  attributes  of  the  technological  change  and  the  organizational 
response  required.   As  defined,  preparatory  search  and  joint  search 
measure  the  amount  or  intensity  of  search.   While  useful  as  aggregate 
measures,  they  do  not  contain  information  about  the  specific  problem 
solving  strategies  used,  the  nature  and  content  of  the  communication 
flows  involved,  or  the  way  shared  tasks  are  coordinated.   Both  clinical 
data  from  this  research  and  related  research  findings  suggest  that  such 
insights  may  be  important  for  understanding  project  success.   For  in- 
stance, Clark  and  Fujimoto  (1987)  found  that  the  time  required  to  deve- 
lop new  products  was  related  more  to  the  pattern  of  information  trans- 
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fer  ("overlapping"  versus  "sequential")  than  to  the  amount  of  informa- 
tion flow.   Allen,  Lee,  and  Tushman  (1980)  reported  that  tasks  charac- 
terized as  "research"  and  "applied  development"  both  required  high 
levels  of  communication,  but  differed  in  terms  of  whether  direct  or 
mediated  (via  gatekeeper)  information  flows  were  more  effective. 
Examining  new  product  ramp-ups,  Bohn  (1987)  has  suggested  that  dif- 
ferent experimental  techniques  and  loci  of  experimentation  may  be  most 
effective  for  dealing  with  different  types  of  problems. 

This  suggests  that  to  understand  the  reasons  for  success  in 
different  kinds  of  technological  changes,  it  may  be  necessary  to 
examine  the  fine  structure  of  problem  solving  in  the  manufacturing 
environment.   Further  work  holds  considerable  promise  for  advancing 
both  theory  and  practice  in  management.   First,  research  in  this  area 
would  enrich  our  understanding  of  the  relationships  among  structural 
response  mechanisms,  for  group  problem  solving  processes,  and  for 
project  outcomes  given  different  kinds  of  technological  change. 
Second,  further  research  may  shed  light  on  the  more  general  problem  of 
how  an  organization  can  introduce  conceptual  departures,  or  "framebrea- 
king  change"  (Tushman,  Newman,  &  Romanelli,  1985)  in  a  controlled 
manner  into  ongoing  operations.   This  presents  a  difficult  organiza- 
tional problem.   Most  organizational  activity  is  aimed  at  solving  only 
a  relatively  narrow,  familiar  set  of  problems  (March  and  Simon,  1958). 
But  the  more  successful  the  organization  becomes  in  its  limited  domain, 
the  more  difficult  is  a  reorientation  to  examine  new  kinds  of  problems. 
This  phenomenon  has  been  noted  in  virtually  every  area  of  organization- 
al activity,  including  corporate  strategy  making  (Tushman,  Newman,  & 
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Romanelli,  1986),  organization  design  (Hedberg  et  al.,  1976),  and  prod- 
uct and  process  technology  development  (Allen  &  Marquis,  1963;  Normann, 
1971;  Abernathy,  1978;  Henderson,  1988).   A  more  detailed  understanding 
of  the  organizational  and  inter-organizational  processes  which  support 
systemic  shifts  in  the  manufacturing  process  may  also  contain  some 
insights  for  how  managers  can  introduce  small-scale  reorientations  in 
other  organizational  domains,  and  so  maintain  the  firm's  dynamism  in  a 
shifting  competitive  environment. 

While  there  is  a  need  for  further  research  on  these  questions,  the 
research  methodologies  described  in  this  paper  may  provide  a  way  of 
proceeding.   By  bringing  together  quantitative  data  collection  and 
analysis  with  clinical  research  methods,  we  were  able  to  identify 
specific  characteristics  of  the  change  as  it  was  experienced  in  a  given 
operating  environment.   Further,  we  shed  light  on  the  process  through 
which  plant  personnel,  managers,  supervisors,  engineers,  and  workers 
dealt  with  new  process  introductions.   This  approach  begins  to  step 
beyond  the  "black  box"  of  phenomenological  observations  of  economics, 
and  suggests  an  alternative  way  of  understanding  new  process  introduc- 
tions.  A  multi-firm  study,  employing  a  similar  mix  of  quantitative  and 
qualitative  methods  will  facilitate  a  more  detailed  examination  of 
organizational  adaptive  responses  to  attributes  of  technological 
change . 

The  research  also  has  important  implications  for  managerial  prac- 
tice.  First,  our  results  suggest  that  managers  significantly  affect 
the  outcome  of  new  process  introductions  by  guiding  the  level  of  intra- 
and  inter-organizational  search  undertaken  at  various  stages  of  the 
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project.   However,  this  research  casts  doubt  on  the  popular  notion  that 
cross-functional  involvement  on  project  teams  should  always  be  maxi- 
mized.  Instead,  our  data  suggest  that  managers  should  consider 
investing  selectively  in  functional  overlap,  using  it  aggressively  to 
respond  to  systemic  shifts,  but  more  carefully  focusing  technical 
problem  solving  activities  when  projects  principally  entail  high  levels 
of  technical  complexity.   This  may  be  particularly  true  when  the  focus 
is  on  the  quality,  and  not  the  speed  of  the  final  outcome.   Finally, 
our  findings  have  important  strategic  implications  for  choosing  process 
development  and  introduction  projects.   In  current  practice,  most 
decisions  regarding  investments  in  process  technology  are  made  on  a 
case-by-case  basis  according  to  estimated  payback.   The  framework 
presented  here  may  provide  a  way  for  managers  to  assess  whether  there 
is  a  desired  balance  within  a  family  of  investment  proposals  between 
introduction  projects  which  build  aggressively  on  existing  manufac- 
turing concepts,  and  those  which  introduce  systemic  reorientations  of 
existing  production  processes. 

Further  work  on  these  issues  is  needed  from  behavioral,  strategic, 
and  economic  perspectives.   And  while  the  research  questions  and 
methodologies  described  here  are  challenging,  they  hold  promise  for 
improving  our  conceptual  and  practical  understanding  of  technological 
innovation  and  its  application. 
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Figure  1 

Economic  Model  of  New  Process  Introduction 
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Figure  2 

Contingency  Model  of  New  Process  Introduction 
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Figure  3 

Derivation  of  Measures  of  Technological  Change 
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Figure    4 

Two   Characteristics    of    Process   Change 
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THE  NEW  MACHINE  REPRESEN 1 LD 
A  QUNATUM 1  FAP  IN  PRECISION 
AND  CONTROLLABILITY.  THE 
RESULT  WAS  ONE  OF  THE  MOST 
COMPLEX  FINISHING  PROCES.SFS 
THERE  IS.  AT  FIRST  WE 
COULD  NEVER  REALLY  PREDICT 
THE  OUTCOME." 

"EVERYTHING  ABOLTT  THE 
WAY  YOU  PRODUCE  WITVI 

THIS  NEW  TECHNOLOGY  IS 
DIFFERENT;  PTS  LIKE 

HAVING  A  RESEARCH 
PROJECT.  NOT  JUST  A 
PRODUCTION  MACHINE." 

"SOME  ADJUSTMENT  IS 

ALWAYS  NECESSARY  AT 
THE  OPERATOR  LEVFI ,  BUT 
THIS  WAS  NOT  REALLY 
•A  HAPPENING'." 

"IT  WAS  NOT  THAT  THE 
SPECIFIC  TECHNICAL 
SOLUTKDNS  WERE  SO  HARD 
TO  DEVELOP,  BUT  THAT 
WE  HAD  TO  LEARN  A  WHOLE 
NEW  APPROACH  TO 
MANUFACTURING." 
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Table  1 
Aggregate  Scales  of  Technological  Change 


SCALE  NAME 


DEFINITION 


NUMBER  OF 
VARIABLES^ 


CRONBACH 
ALPHA 


Technology 
Newness 


Absolute  newness  of  technical 
features  and  design. 


.86 


New  To  Plant 


Newness  of  technical  features 
and  design  relative  to 
equipment  existing  in  the  plant 
at  the  time  of  the  introduction. 


.83 


Ongoing 
Development 


Stage  of  development  of  the 
new  technology  at  the  time 
of  installation  (prototype 
to  fully  proven) . 


.65 


New  Product 


Degree  of  change  in  product 
specifications  introduced  with 
the  new  equipment. 


,64 


Required 
Performance 


Stringency  of  performance 
requirements  (cost  and  quality) 

relative  to  existing  standards. 


.65 


New  Base 


Newness  of  fundamental  technical 
or  operating  principles 
for  the  plant  or  company. 


,77 


'•Appendix   1   lists   component   items. 
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Table  2 

Relationships  Among  Aggregate  Scales  of  Technological  Change 

N  =  48 

NEW  TO     TECHNOLOGY      NEW    ONGOING         NEW 
PLANT      NEWNESS         BASE    DEVELOPMENT      PRODUCT 


TECHNOLOGY 

0.51** 

NEWNESS 

NEW 

0.62** 

0.19 

BASE 

ONGOING 

0.A4** 

0.51** 

0.34** 

DEVELOPMENT 

NEW 

0.24* 

0.24* 

0.19 

0.35** 

PRODUCT 

REQUIRED 

0.32** 

0.40** 

0.05 

0.09 

PERFORMANCE 

**Pearson  correlation  significant  at  p<0.05;  *p<.10. 


0.20 
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Table  3 

Contribution  of  Scales  to 
Technical  Complexity  and  Systemic  Shift  Factors 


Aggregate  Scale; 

1.  New  Technology 

2.  New  to  Plant 

3.  New  Base 

A.  Ongoing  Development 

5.  New  Product 

6.  Performance 


Contribution 
to  Factor  1: 
Technical 
ComplexltT 


.84 
.54 
.07 
.52 
.34 
.44 


Contribution 
to  Factor  2: 
Systemic 
Shift 


.12 
.57 
.99 
.31 
.17 
.02 


Variance 

Explained  by  Facton 


.27 


.26 


total=.53 


Note :  Factor  analysis  used  principal  analysis  and  varimax  rotation 
{Jackson,  1983:  147). 
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Table  4 

Aggregate  Scales  of  Organizational  Responses 


SCALE  NAME 


DEFINITION 


NUMBER  OF 
VARIABLES^ 


CRONBACH 
ALPHA 


Preparatory 
Search 


Involvement  of  plant 
personnel  in  specifying 
and  modifying  new 
technology  and  plant 
procedures  prior  to 
installation  of  equipment. 


,67 


Joint  Search 


Degree  of  cooperative  problem 
solving  with  outside  experts 
after  installation  of 
equipment . 


.79 


Functional 
Overlap 


Degree  to  which  roles  of 
production  personnel  and 
plant  technical  staff  were 
merged  within  the  project 
team. 


Not 
Applicable 


Appendix  1  lists  component  items 
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Table  5 

Relationship  Between  Proiect  Attributes  and  Performance 

N=48 
Proiect Performance 


Proiect  Attributes 

TECHNICAL  COMPLEXITY 
SYSTEMIC  SHIFT 
PROJECT  SIZE  ($) 


STARTUP  TIME-" 


0 

52** 

0 

35** 

0 

07 

OPERATING 
IMPROVEMENT 

-0.21 
0.10 

-0.01 


**Pearson  correlations  significant  at  P<0.05. 

Improved  performance  is  indicated  by  change  in  the  negative  direction,  i.e., 
shorter  startup  time. 


Table  6 

Organizational  Responses  to  Technological  Change 

N=48 


TECHNICAL  COMPLEXITY 
SYSTEMIC  SHIFT 
PROJECT  SIZE 


PREPARATORY    JOINT 
SEARCH        SEARCH 


0.37** 
0.30** 
0.05 


-0 

09 

0 

23 

0 

15 

FUNCTIONAL 
OVERLAP 

-0.05 
0.60** 
0.42** 


**Pearson  correlation  significant  at  P  <0.05. 
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Table  7 

Technological  Change.  Response  Mechanisms  and  Project  Performance 

A.  Dependent  Variable:  STARTUP  TIME 
Independent  Variables: 


TECHNICAL 

SYSTEMIC 

PROJECT 

PREPARATORY 

JOINT      FUNCTIONAL 

COMPLEXITY 

SHIFT 

SIZE 

SEARCH 

SEARCH    OVERLAP 

[1] 

.A9** 

.32** 

.05 

-- 

__ 

(.12) 

(.12) 

(.12) 

r2-.33  (df-45);  F=8 . 7 

[2] 

.54** 

.7A** 

.32** 

-.Al** 

-.35**      -.33** 

(.09) 

(.13) 

(.11) 

(.09) 

(.10)      (.lA) 

R^=.64  (df=42);  F=15.2  (p<0.01) 


B.  Dependent  Variable:  OPERATING  IMPROVQIENT 

Independent  Variables: 


TECHNICAL 

COMPLEXITY 

[3] 

-.22 

(.15) 

[*] 

-.25* 

(.13) 


SYSTEMIC 
SHIFT 

.12 
(.15) 


-.27 
(.18) 


PROJECT 
SIZE 

.02 
(.15) 


-.23 

(.16) 


PREPARATORY 
SEARCH 


JOINT 
SEARCH 


FUNCTIONAL 
OVERLAP 


r2=.00  (df=A5);  F=0.9  (p<0.44) 


.47** 
(.13) 


.  30** 
(.lA) 


.28 
(.20) 


r2=.30  (df=42);  F=4.43  (p<0.05) 


Notes :  a)  Regression  coefficients  are  standardized  in  order  to  facilitate  comparison 
of  effect  sizes. 
b)  Estimated  standard  errors  of  standardized  regression  coefficients  are 
shown  in  parentheses. 

**Significant  at  p<0.05.  *p<0.10. 
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Table  8 

Role  of  Response  Mechanisms  Given  Specific  Characteristics  of  the  Change 

A.  Dependent  Variable:  STARTUP  TIME 
Independent  Variables: 


TECHNICAL 
COMPLEX- 
ITY.^^ 

.42 
(3.18) 


SYSTEMIC 
SHIFT 

18.01** 
(4.22) 


PROJECT 

SIZE 

($000) 

.003** 
(.001) 


PREP- 
ARATORY 
SEARCH 

-.95** 
(.24) 


JOINT 
SEARCH 


FUNC- 
TIONAL 
OVERLAP 


-.94**   -5.23* 
(.27)    (2.74) 


FUNCTIONAL 
OVERLAP  X 
SYSTEMIC 
SHIFT 

-1.44* 
(.85) 


FUNCTIONAL 
OVERLAP  X 
TECHNICAL 
COMPLEXITY 

2.62** 

(.98) 


R-^-.ea  (df-39);  F=14.5  (p<0.01) 


B.   Dependent  Variable:  OPERATING  IMPROVQIENT 
Independent  Variables: 


FUNCTIONAL 

FUNCTIONAL 

TECHNICAL 

PROJECT 

PREP- 

FUNC- 

OVERLAP X 

OVERLAP  X 

COMPLEX- 

SYSTEMIC 

SIZE 

ARATORY 

JOINT 

TIONAL 

SYSTEMIC 

TECHNICAL 

ITY 

SHIFT 

($000) 

SEARCH 

SEARCH 

OVERLAP 

SHIFT 

COMPLEXITY 

2.79 

-7.62** 

-.001 

.54** 

.38** 

1.70 

1.14* 

-1.43** 

(2.34) 

(3.04) 

(.001) 

(.16) 

(.19) 

(1.92) 

(.60) 

(.43) 

are  unstand 

ardized  ( 

r2=.39  (df=39);  F=4 

see  Venkatraman,  1987). 

64  (pO.Ol) 

Notes:  a) 

Regression 

coefficients 

b)  Standard  errors  are  shown  in  parentheses. 

c)  Note  that  sizes  of  main  effects  (which  are  affected  by  scaling  of  the  interval  v 
ables)  and  interaction  effects  (not  affected  by  scaling)  are  not  comparable.  Further,  dir 
examination  of  the  coefficient  is  informative  only  as  to  the  direction  of  the  interaction 
effect:  it  is  not  clear  whether  greater  functional  overlap  actually  hurts  performance  at  a 
relevant  level  of  technical  complexity,  or  whether  beneficial  effects  merely  decrease  as  t 
product  term  increases. 

d)  Constants  for  A  and  B  are  14.35  and  16.34  significant  at  p<0.05. 
**Significant  at  p<0.05,  *p<0.10. 
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Table  9 

Role  of  Response  Mechanisms,  Controlling  for  the 
Interaction  of  Technical  Complexity  and  Systemic  Shift 


A.  Dependent  Variable:  STARTUP  TIME 
Independent  variables: 


TECH  SYS- 
COM-  TEM. 
PLEX.   SHI. 


PROJECT 

SIZE 
($000) 


-2.2   10.9*   .003** 
(3.5)  (5.9)  (.001) 


PREP- 
ARATORY 
SEARCH 

-.92** 
(.23) 


JOINT 
SEARCH 

-.94** 
(.26) 


FUNCT. 
OVERLAP 

-2.2 
(3.2) 


FUNCTION. 
OVERLAP 
X  TECH. 
COMPLEX. 

1.1 
(1.30) 


FUNCTION. 
OVERLAP 
X  SYSTEM. 
SHIFT 

-1.35* 
(.83) 


TECH. 
COMPLEX. 
X  SYST. 
SHIFT 

3.63* 
(2.12) 


r2-.71  (df-38);  F-13.8  (p<0.01) 


B.  Dependent  Variable:  OPERATING  IMPROVEMENT 
Independent  variables: 


PREP- 
ARATORY   JOINT     FUNCT. 
SEARCH      SEARCH     OVERLAP 


2.1   -9.6**   -.001     .55**        .38*       2.6 
(2.0)  (4.3)    (.001)   (.16)        (.19)      (2.3) 


TECH 

SYS- 

PROJECT 

COM- 

TEM. 

SIZE 

PLEX. 

SHI. 

($000) 

FUNCTION 
OVERLAP 
X  TECH. 
COMPLEX. 

-1.85** 
(.94) 


FUNCTION. 
OVERLAP 
X  SYSTEM 
SHIFT 

1.16** 
(.60) 


TECH. 
COMPLEX. 
X  .SYST. 

SHIFT 

1.00 
(1.54) 


R'^=.37  (df=38);  F=4.11  (p<0.05) 


Notes :  a)  Regression  coefficients  are  unstandardized  (see  Venkatraman,  1987). 

b)  Standard  errors  are  shown  in  parentheses. 

c)  It  should  be  noted  that  direct  examination  of  the  coefficient  is  informative  onl 
to  the  direction  of  the  interaction  effect:  it  is  not  clear  whether  greater  functional  ove 
actually  hurts  performance  at  any  relevant  level  of  technical  complexity,  or  whether  benef 
cial  effects  merely  decrease  as  the  product  term  increases.   Sizes  of  main  effects  (which 
affected  by  scaling  of  the  interval  variables)  and  interaction  effects  (not  affected  by 
scaling)  are  not  comparable. 

d)  Constants  for  A  and  B  are  18.18  and  15.28  significant  at  p<0.05. 

**Coefficient  significant  at  p<0.05,  *p<0.10. 
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Appendix  1 
Questionnaire  and  Interview  Itpmn 
I.  DERIVATION  OF  SCALES  OF  TECHNOLOGICAL  CHANGE 

I.  Nev  Technology:  Absolute  newness  of  technical  features  and  design. 

Was  the  new  equipment  based  on  standard,  well-known  technology  or  on  new 
technological  developments  in  terms  of: 

1.  Tooling  and  loading  concepts? 

2.  Electronic  controls  and  inspection  systems? 

3.  Overall--all  features? 
(1-5  scale) 

A.  How  many  of  the  new  machines  were  prototype  units? 

Scale  reliability:  Cronbach's  alpha=.86 


II.  New  to  Plant:  Newness  of  technical  features  and  design  relative  to 
equipment  existing  in  the  plant  at  the  time  of  the  introduction; 

How  much  experience  did  the  plant  have  with  this  kind  of  equipment  prior 
to  the  introduction,  in  terms  of: 

1.  Tooling  and  loading  concepts? 

2.  Electronic  controls  and  inspection  systems? 

3.  Overall  -  all  features? 
(1-5  scale) 

4.  How  big  an  improvement  was  expected  from  the  new  equipment  compared  to 
existing  equipment,  in  terms  of  the  new  technology  it  made  available  to  the 
plant?  (1-5  scale) 

Scale  reliability:  Cronbach's  alpha=.83 


III.  New  Base:  Newness  of  fundamental  technical  or  operating  principles  for 
the  plant  or  company. 

1.  The  new  technology  was  based  on: 

l=Basic  technological  strengths  of  this  company,  (e.g.,  grinding, turning) ; 
3=0ther  technologies  employed  by  the  company; 
5=New  technological  approach  for  the  company. 
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2.  Are  comparable  units  now  installed  in  other  plants? 

l=Yes 

5-No 

3.  How  much  experience  did  the  plant  have  with  this  kind  of  production 
system  prior  to  the  introduction,  in  terms  of  the  flow  of  production  (e.g. 

integrated  line)?   (1-5  scale:  Completely  new  concept  extensive 

experience . ) 

4.  How  big  an  improvement  was  expected  from  the  new  equipment  compared  to 
existing  equipment,  in  terms  of  the  flow  of  production  -  e.g.  leadtime  and 
flexibility?   (1-5  scale:  Extremely  large  improvement  no  improvement.) 


Scale  reliability:  Cronbach's  alpha=.77 


rv.  Ongoing  Development:  Stage  of  development  of  the  new  technology  prior  to 
installation. 

1.  Introduction  involved  a  series  of  prototype  units: 

l=No 
5=Yes 


2.  Technology  was  not  fully  proven  at  the  laboratory  level 

l=Not  true 

3=True  for  one  or  two  major  features 

5=True  for  overall  technology 


3.  Was  the  new  equipment  based  on  standard,  well-known  technology  or  on  new 
technological  developments  in  terms  of  mechanical  features?   (1-5  scale: 
Totally  new  concept   standard,  mature  technology.) 


Scale  reliabilit]':  Cronbach's  alpha=.65 


V.  New  Product:  Degree  of  change  in  product  specifications  introduced  with  the 
new  equipment .   | 


1.  Was  the  product  to  be  produced  new  or  existing? 
l=Existing  product 
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3=Design  modified 
5=New  product  type 

2.  How  much  experience  did  the  plant  have  with  these  product  features?    (1-5 
scale:  Completely  new  concept  extensive  experience.) 

3.  Were  product  features  based  on  standard,  well-known  technology  or  on  new 
technological  developments?   (1-5  scale:  Totally  new  concept  stan- 
dard, mature  technology.) 

Scale  reliability:  Cronbach's  alpha  =  .64 


VI.  Performance  Requirement:  The  stringency  of  new  performance  requirements 
(cost  and  quality)  associated  with  the  new  process  relative  to  existing 
standards. 

How  big  an  improvement  was  expected  from  the  new  equipment  compared  to 
existing  equipment, 

1.  In  terms  of  product  quality? 

2.  In  terms  of  product  cost? 

(1-5  scale:  Extremely  large  improvement  no  improvement.) 


How  critical  is  quality  control  in  the  operation  of  the  new  equipment? 

3.  In  terms  of  incoming  quality? 

4.  In  terms  of  finished  part  quality? 

(1-5  scale:  Extremely  critical;  small  variations  cause  severe  problems 
not  critical;  within  normal  operating  ranges.) 


Scale  reliability:  Cronbach's  alpha  =  .65 


II.  DERIVATION  OF  RESPONSE  VARIBALES 


I.  Preparatory  Search 

What  role  did  technical  support  and  production  personnel  play  in  the 
following  activities  before  the  equipment  arrived  at  the  factory? 

1.  Propose  purchase  of  the  new  equipment. 

2.  Developing  new  technological  concepts. 

1-5  scale:       l=not  involved 
2=were  informed 
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3=gave  advice 
4=major  support 
5»fully  responsible 

3.  Describe  any  studies  undertaken  by  plant  personnel  prior  to  delivery  of 
the  new  equipment.  (Interview  item,  with  questionnaire  commentary) 

l=no  studies 

3-some  study,  but  not  unusual  amount;  engineering  personnel  performed 

some  analyses. 

5=intensive  study;  we  made  a  major  tool  life  project,  and  several 

people  were  assigned;  we  made  a  large  effort  to  resolve  problems  in  the 

systems  choice  before  we  even  ordered  the  equipment... 

4.  Describe  the  process  of  pretesting  the  equipment  at  the  vendor  (or,  where 
applicable,  in  the  plant)  prior  to  delivery  (or  to  startup),  (interview 
item,  with  questionnaire  commentary: 

l=We  had  a  runoff  test,  but  it  was  perfunctory;  the  vendor  had 
everything  set  up  just  right,  and  we  were  not  allowed  to  change  the 
conditions;  the  people  we  sent  to  the  qualifying  test  did  not  know 
what  to  look  for. 

5=We  did  extensive  runoff  testing  at  the  vendor's,  and  we  refused  to 
accept  the  equipment  until  it  worked  to  our  standards;  once  we  received 
the  equipment,  we  set  it  up  off-line  and  did  extensive  testing  or 
routines  and  tooling. 

Scale  alpha  =  .67 


II.  Joint  Search 

1.  How  helpful  were  people  from  the  following  groups  during  this  introduc- 
tion? 

a.  Equipment  vendor  or  in-house  development  center? 

b.  Personnel  from  sister  plants? 

c.  Outside  advisors? 

d.  Technical  experts  from  division  technical  center? 

(1-5  scale:   Made  critical  contributions   no  real  contribution.) 


2.  Where  did  people  get  the  know-how  to  accomplish  the  introduction  of  the 
new  equipment  --  how  true  are  the  following  statements? 

a.  Outside  experts  provided  guidance. 

b.  Training  by  the  vendor  provided  essential  know-how. 

(1-5  scale:  True  for  this  introduction   Not  at  all  true  for  this 

introduction. ) 

3.  Describe  the  role  of  outside  experts  in  the  startup  process. 
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(interview  item,  with  questionnaire  commentary) 

l=Not  a  partner  in  the  problem  solving  process;  sold  the  equipment  and 
the  normal  services  (such  as  initial  installation  help,  replacement 
parts  but  was  not  really  part  of  the  project  team. 

5=Part  of  the  problem  solving  team;  the  vendor  gave  us  lots  of  impor- 
tant ideas,  we  discussed  many  of  our  problems  with  him;  I  learned  a  lot 
about  this  technology  by  working  with  the  supplier;  the  expert  from  the 
head  office  came  to  this  plant  and  worked  closely  with  me  and  my 
colleagues,  he  was  an  important  partner  in  the  introduction  project. 


Scale  alpha  =  .79 

III.  Punctiortal  Overlap 

Primary  information  came  from: 

1.  Participants*  sketches  of  the  "people  and  project  structure"  and  their 
commentary  of  the  sketch; 

2.  Participants'  descriptions  of  the  problem  solving  process:  who  was 
involved  and  the  modes  of  communication  and  contribution. 

Information  was  coded  for  mechanisms  listed  below: 

Mechanisms  for  Mutual  Adiustment  and  Feedback-*- 


-  Individuals  from  different  functions  work  together  directly  to 
identify  and  solve  problems  in  the  new  process. 

-  A  manager  who  is  not  directly  involved  with  the  introduction  plays  a 
linking  role  between  functions. 

-  A  project  manager^  has  ongoing  responsibility  for  both  technical  and 
production  activities  in  the  plant  or  department. 

-  The  introduction  is  organized  as  a  special  interfunctional  task  team. 

-  The  introduction  is  one  of  many  activities  performed  by  a  multi-level, 
multi-functional  task  team. 

-  One  or  more  individuals  act  as  liaisons  between  functions  (e.g.  an 
engineer  participates  directly  on  the  production  line;  a  production 
operator  participates  in  an  engineering  study). 

-  Permanent  or  temporary  transfer  of  personnel  across  functional  areas 
links  the  production  area  with  the  locus  of  technological  decision-making-^, 
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-  The  introduction  takes  place  within  a  semi-autonomous,  multi-functional 
unit  within  the  plant. 


^Descriptions  adapted  from  Galbraith  (1973). 

^Formal  or  informal  designation;  multiple  managers  possible. 

^Only  transfers  directly  related  to  the  introduction  are  considered. 

Previous  transfers  undertaken  as  a  general  policy  are  not  included. 


III.  CODING  SCHEMA  FOR  QUESTIONS  RELATING  TO  OPERATING  IMPROVQIEMT 


I.  Degree  to  which  the  ne^f  process  met  technical  objectives; 

l=Met  none  of  the  technical  objectives  set  out; 

is  an  operating  disaster. 

2=Met  a  few  of  the  objectives  set  out,  but  not  many  and  not  the  most 

important  ones. 

3=Met  some  of  the  most  important  objectives,  but  missed  some. 

A=Met  all  of  the  most  important  objectives,  maybe  could  go  further. 

5=Met  all  of  the  most  important  objectives,  and  went  beyond;  we 

accomplished  more  than  we  had  even  expected  to. 

II.  Level  of  satisfaction  with  technical  solutions  implemented; 

l=Not  very  happy  with  what  we  achieved  here;  did  not  accomplish  as 
much  as  we  should  have/could  have;  not  a  satisfactory  job  in  terms 
of  the  level  of  operations  we  have  achieved. 
3=About  average;  not  dissatisfied,  though  we  could  have  gone 
further;  pretty  good,  but  not  as  good  as  I  would  have  liked;  did  not 
achieve  what  other  plants  have  done  with  this  technology. 
5=Very  satisfied  with  what  we  accomplished  here  --  even  if  it  is 
different  from  what  we  set  out  to  do,  and  even  if  it  took  a  great 
deal  of  time  and  effort. 

III.  Reliability  of  the  new  process;  is  it  at  least  as  trouble-free  as 
existing  operations? 

l=This  machine  continues  to  eat  up  more  than  its  share  of  main- 
tenance and  downtime;  our  big  remaining  problem  is  that  it  is  hard 
to  count  on  reliable  output  from  this  process;  we  have  not  yet 
developed  the  skills  in  maintenance  and  programming. 
3=About  average  for  an  introduction  at  this  stage;  we  have  made 
significant  improvements,  but  not  as  good  as  it  could  be. 
5=The  improvements  we  have  made  mean  that  this  machine  runs  much 
smoother,  with  much  less  downtime,  than  other  operations;  once  we 
created  the  special  facility  for  performing  tooling  set-ups  on  the 
line,  we  dramatically  cut  downtime  on  this  operation  and  have  used 
the  idea  to  improve  other  operations  as  well. 
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Appendix  2 

Summary  Data  and  Correlation  Matrix 


Technical  Compleiity  (derived  factor) 
Systeniic  Shift  (derived  factor) 
Project  Size  (million  constant  dollars) 

Preparatory  Search  (aggregate  scale) 
Joint  search  (aggregate  scale) 
Functional  Overlap 

Startup  Time  (aggregate  months) 
Operating  Improvement  (aggregate  scale) 


STANDARD 

MEAN 

DEVIATION 

RANGE 

0.0 

.88 

-1.47  - 

1.91 

0.0 

.99 

-1.30  - 

2.50 

1.16 

1.30 

0.8  - 

5.6 

13.9 

5.4 

6   - 

30 

9.8 

4.8 

3   - 

19 

2.1 

1.6 

0   - 

6 

22.4 

14.2 

3   - 

74 

14.6 

7.0 

1   - 

23 

TECH. 

SYSTEM. 

PROJ] 

COM. 

SHIFT 

SIZE 

SYSTEMIC. 

/ 

SHIFT 

PROJECT 

.12 

-.11 

SIZE 

PREP. 

-.09 

.23* 

.15 

SEARCH 

JOINT 

,37** 

.30** 

.05 

SEARCH 

FUNCTION. 

-.05 

.60** 

.42^ 

OVERLAP 

STARTUP 

.52** 

.35* 

.07 

TIME 

OPERATING 

-.21* 

.10 

-.01 

IMPROVEMENT 

PREP.      JOINT      FUNCT.     STARTUP 
SEARCH     SEARCH     OVERLAP    TIME 


,05 


.39** 


52** 


/Orthogonal    factors. 

**Pearson   correlation    significant   at    p<0.05;    *p<.10, 


,04 


,17 


.06 


.24* 


63** 
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